The efficacy of 32 additives to Levine eosin-methylene blue-salts agar medium (EMBS) for the recovery of sublethally heat-injured Salmonella typhirnurium was evaluated. In order of decreasing effectiveness, lactate, mannitol, and aglycerophosphate mediated 90% or more recovery of injured cells; similar levels of recovery were obtained on EMBS supplemented with 1% (wt/vol) tryptic soy broth, proteose peptone, or plate count agar. Other additives showed&little or no capacity for repair or strongly inhibited heated and nonheated cell suspensions. Conditions of growth and storage before heat treatment were also found to markedly affect susceptibility to heat injury.
Sublethal heat injury of Salmonella typhimurium has been associated with degradation of ribosomal ribonucleic acid and deoxyribonucleic acid (7, 8, 13, 26, 27) , reduced enzyme activities (28) , and changes in transport kinetics (20) and lipid content (21, 29) . Molecular aberrations sustained during thermal and other environmental stresses (3) frequently result in bacterial populations with more exacting growth requirements. Successful recovery of injured cells has been obtained in both complex (4, 17) and minimal (8, 26, 31) media. Repair of thermal injury in S. typhinurium requires ribosomal ribonucleic acid and protein biosynthesis (21, 26) and differs from Staphylococcus aureus, which only requires ribosomal ribonucleic acid synthesis (12, 25) . The addition of catalase to selective plating media was recently found to enhance the recovery of injured S. aureus and S. typhmunurtum through a neutralization of hydrogen peroxide (15) .
The adverse effects of thermal stress on the metabolism and structural integrity of bacteria are well documented; however, few studies have explored the relationship between the composition and efficacy of repair media (4, 8, 31 (4, 17) , EMB was used in our studies because its productivity compared favorably with that of Trypticase soy agar while providing better control conditions for salt-mediated inhibition of thermally stressed cells (4) . EMB and EMBS counts of heated cell suspensions corresponded to the total number of viable cells and to the number of uninjured cells, respectively; the difference between these counts was taken as the number of injured cells. The amount of heat-induced death seldom exceeded 0.5 logio unit.
The efficacy of selected agents in the recovery of heat-injured cells was measured as the difference in counts between supplemented and nonsupplemented EMBS. Reagent grades ofMgCl2 6H20, FeSO4 *7H20, KCL CaCl2* 2H20, mannitol, and D-glucose (British Drug House) were added directly to EMB and EMBS agar base media and heat sterilized. Sodium, calcium, or lithium salts of pyruvic, phosphoenolpyruvic, L-(+)-lactic, citric, and succinic acids and of DL-a-glycerophosphate, adenosine triphosphate, glucose 6-phosphate, carbamyl phosphate, and acetyl phosphate were filter sterilized and added aseptically to tempered EMB and EMBS agar base media; this procedure was also used to prepare media supplemented with glycerol, D-(-)-ribose, thiamine hydrochloride, L-alanine, L-histidine, L-cysteine, glutathione (reduced form), and adenine hydrochloride (Sigma).
The experimental protocol described above was also used to evaluate the efficacy of lactose broth, plate count agar, nutrient broth, yeast extract, GN broth, tryptic soy broth, proteose peptone, and casitone at 1% (wt/vol) concentrations in the recovery of heatinjured S. typhimurium on EMBS; these complex media supplements were added directly to EMB and EMBS agar base media and heat sterilized. Addition of 1% (wt/vol) proteose peptone, lactose, and nutrient broths to EMB base medium increases the final peptone concentration to values ranging between 1.5 and 2.0%; similarly, lactose broth increases the final lactose concentration to 1.5%. AU complex media except GN broth (BBL) were obtained from Difco.
RESULTS AND DISCUSSION
Preliminary experiments showed that enumeration of S. typhimurium on Levine EMB usually produced 1-logio-higher counts of injured cells than on standard EMB medium; factors responsible for the observed differences have yet to be identified. Cells were also found to be less susceptible to heat injury when CM frozen stock cultures were grown in tryptic soy broth or subcultured in CM before heat treatment; harvesting of cultures at low (3,000 x g) rather than high (15,000 x g) centrifugal forces also resulted in lower counts of injured cells. Earlier studies with S. typhimurium showed that conditions of growth and storage of stock cultures before heat treatment affected the susceptibility of cells to injury (8) . Storage of Escherichia coli at -20°C also resulted in stressed cells with increased nutritional requirements (16) .
Mean levels of injury ranged between 1.6 and 3.6 log1o units (Tables 1 and 2 ). Inorganic salts showed limited capacity to repair heat-injured cells (Table 1 ). Recovery at low MgC12 concentrations presumably resulted from a restoration of normal ribosomal activity (14, 23) or a stabilization of cell envelope structure damaged during sublethal heat treatment (1, 5, 13, 29) ; strong inhibition of heated and unheated S. typhimurium at high MgCl2 concentrations (Table 1) concurs with earlier findings (13, 19, 22) . Lactate mediated a complete recovery of injured cells; the limited efficacy of other organic acids including pyruvate, phosphoenolpyruvate, citrate, and succinate possibly reflects the reduced levels of tricarboxylic acid enzyme activities in thermally injured salmonellae (28) . Higher levels of recovery had been anticipated with pyruvate previously documented to be effective in the recovery of freeze-dried S. typhimurium (24) and thermally stressed E. coli and S. aureus (2, 10, 11, 15) . Good recovery was obtained with glycerol, mannitol, glycerophosphate, adenosine triphosphate, and thiamine (Table 1) ; however, results obtained with glycerophosphate and adenosine triphosphate suggest cell envelope damage owing to the limited permeability of intact cell membranes to phosphate esters (9, 18) . Other additives such as L-histidine (50 and 100 mM), (Table 2) . It is interesting to note that lactose broth, widely used for the nonselective enrichment of Salmonella-contaminated foods (6, 30) , performed rather poorly under our experimental conditions.
The high recoveries obtained with lactate, mannitol, and glycerophosphate indicate that +he use of these substances in nonselective enrichment media should be considered for a quantitative recovery of Salmonella in commodities that have been exposed to extreme environmental conditions during processing and storage. Further studies on the recoverability of salmonellae from naturally contaminated foods in complex media supplemented with selected additives are currently in progress.
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